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Fertilized eggs of loach (Miqurnus fbssilis). rainbow trout (Salvo xuirdneri) and zchrafish (Bruchydmio rrrio) were bombarded with high-velocity 
tungsten microprojectiles covered filth plasmid DNA containing sequences of &alnctosidase and neomycin phosphotransferase genes. About 70% 
of the eggs survived the bombardment. The activity of both transferred genes was revealed m the fish developed from the bombarded eggs. Nromy- 
tin phosphotransferase gene sequences were detected by means of PCR amplifkxllon and Southern hybridization in the total DNA of zebrafish 
that survived after (2418 treatment. 
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1. INTRODUCTION 
During recent years the creation of transgenic fish 
has proved to be a fruitful and promising approach to 
gene engineering and biotechnology [I]. Foreign genetic 
information can be introduced into fertilized fish eggs 
of different species [2-91. The introduced genes can be 
generically integrated [2,3,8,9] and, in some cases, 
~~1enotypicalIy expressed [4,8] (for review, see [ IO,1 l]). 
In all these works, the genetic material was intro- 
duced by the Inicroirljectiotl of foreign DNA into egg 
biastodiscs. Here bve have applied the method of high 
velocity mechanical DNA injection for this purpose. 
The method involves the bombardment of cells with 
small tungsten particles (microprojectiles) co\:ered with 
DNA containing the genes to be introduced [12-161. 
The method allows one to deliver foreign DNA directly 
and promptly into cell nuclei without its exposure to the 
action of cytoplasmic nucleaser. 
The method was proposed and successfuily used fol 
the transfection and genetic tral~sformation of plant 
cells in calluses and leaves. These cells have very thick 
hails, which makes their transt’ection by conventional 
methods impossibie or very difficult [12-141. 
We have recently modified the method to transfect 
animal cells and demonstrated its applicability to the 
stable genetic transformation of NIH 3T3 mouse cells 
in culture [ 151. Moreover, the met hod makes it possible 
to introduce foreign genes into organ esplants of 
rodents in vitro and also can bc applied to rat ti\er cell 
transfuction in vi\0 [16]. 
2. MATERIALS AND METHODS 
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The activity of $galactosidaae was detected by a standard tech- 
nlque [h] ~lring .X-gal a5 a sub,trare. The intensity of 5taining wa\ 
detected inicrospectrophotomett-lcally at 450 nm with the aid of a 
‘Xlicroelisa autoreader’ (Dywtech Instrument\, USA). 
2.5. Sekriot~ of GIIH-rerisronr fiJh 
Zebrafi\h larvae and alecins (t\\‘o~rnonth\-olcl) were placed in 
600-800 mg/ml solution of the antibiotic geneticin (G418, Gibco). 
kept the!-e for 3-5 days. and then put into froh water. This conccntra- 
tion of G418 wa\ chosen for the selection of the antibiotic resistant 
organism\ on the basis of preliminary experiments. The embryonic 
and po,tembr>onic decelopment of the fish specimens and their death 
were followed up in the experiments. 
The DNA of control fish specimens and those rurbiled upon the 
G4lX treatmenl v,as uted in subsequent analyis. 
Genornic DNA \\ar separated by a StandaId phenol-chloroforrrl 
method and studied using amplification by the polymer-a\e chain reac- 
tion 1171 with a slight modification. The reagent mixture contained: 
10 mR1 Tris-HCI, pH Y.3 at 22°C. 50 mM KCI, 2.5 mM &lgCI. I +I 
of the direct primer, I pFvl of the reverse primer, 0.1 &ml of gelatin. 
100 mR1 of each dNTP, 4 U of Tth polymera% for each probe, I pg 
01 DYA and 100 11 of mineral oil. Single-stranded 20-b.p. sequences 
\$ere uied as direct and rc\er\e pt-imew. Temperature: I min at 94 ‘C. 
I min at 55’C. 2 min at 72°C. The ahquot of the mixture per probe 
was 50 111 without mineral oil. .4mplification products Mcrt‘ analyred 
in 10% PAAG with subwquent ethidium bromide staining. IO pl of 
the I-eagent mixture was applied to one electt-ophoretic line. 
3. RESULTS AND DISCUSSION 
The shooting technology was mainly similar to that 
used previously to transfect a mouse culture [15] and ro- 
dent tissues in explants or in vivo [16]. 
The destruction of fish eggs by bombardment de- 
pended to a great degree on the distance between the 
end of the barrel and the plate which contained the 
material to be bombarded as well as on the size of 
microparticles and their number in a pencil. The follow- 
ing conditions for egg bombardment and efficient cell 
transfection were chosen by varying these parameters: 
the distance between the end of the barrel and the Petri 
dish 20-25 cm for small eggs (loach and zebrafish) or 
lo-12 cm for bigger eggs (rainbow trout). A mixture of 
tungsten particles 0.1-1.5 pm in diameter was taken to 
shoot small eggs and of I .O-3.5 pm for bigger eggs. The 
total weight of particles per shot was the same in both 
cases. 
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tig. I, Zebrafish larvae DNA amplification. (a) Confirmation of the 
PCK result\ by blot hybrldiration. Lanes I and 2, fish DNA (positive 
r-esultj); lane 3. po\iti\e control (plajmid DNA pSV?-neo). 
When the cells were bombarded under these condi- 
tions, about 7Ooio of fertilized eggs of all three fish 
taken for experiments (loach, rainbow trout, and 
zebrafish) survived the bombardment. 
In the second series of experiments, individual 
developing loach embryos were analyzed for the activity 
of ,%galactosidase 3 days after the bombardment with 
microprojectiles which had carried the corresponding 
gene. In about 5oio of the larvae studied, a positive reac- 
tion for the enzyme activity was revealed (50 times ex- 
ceeding the control). 
Thus the gene for @-galactosidase was shown to be 
transferred by high velocity microprojectiles into fish 
fertilized eggs and expressed in their larvae. 
In the third series of experiments, we studied how a 
neo gene introduced into zebrafish influenced its resis- 
tance to geneticin (G418). During the first two days of 
the incubation with G418, we found no differences 
either in the behaviour or in the state of the control 
(non-bombarded) and experimental (bombarded) fish. 
Differences appeared only by the 3th-5th days. 
At the end of 3-5 days, destruction commenced both 
in the control and experimental (bombarded) orga- 
nisms. At that period a G418 solution was replaced by 
running or repeatedly changed water. The destruction 
of fish embryos went on but its dynamics differed in the 
control and in the experiment (Table I). As one can see 
from Table I the survival of specimens with an in- 
troduced neo gene was higher than in control ones. 
Ko. of 
experiment 
Table I 
Survival of rebrafrih la!-vat and nlevint in a G418 solution after egg transfcction \%ith pSV3 wo plavllid DNA 
Stay of G418 concentt-ation Time of incubation Cumulative lethality (%) 
de\ elopment (rng/ml) wirh G418 (days) Hours after treatment with G418 
24 48 72 96 120 
I 
2 
3 
4 
“control experiment 
lar\ ae 600 5 5/0* 15/7 50120 75145 YO/67 
800 3 1211 30111 651’27 99150 100/80 
ale\ in\ 600 6 I /o 1715 53/1X 80/40 100170 
600 Y 5/l 12/2 40/20 80/35 Y5/40 
119 
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These experiments have thus demonstrated that the 
introduction of the neomycin phosphotransferase gene 
makes some of the developing embryos resistant to the 
action of G418. It means that the introduced gene is ex- 
pressed in their cells. Our results are consistent with the 
data of experiments in which the r?eo gene was introduc- 
ed into goldfish eggs by a microinjection technique [9]. 
The fourth series of experiments was concerned with 
detecting the neomycin phosphotransferase gene in the 
DNA of zebrafish larvae resistant to G418. Sixteen lar- 
vae Lvere analyzed by PCR technique in this series. In 
two cases fish were shown to contain sequences similar 
to those of the neo gene (Fig. 1). The results of amplifi- 
cation experiments were confirmed by electroblotting 
and a standard hybridization technique (Fig. la). 
In the last series of experiments, transfected alevins 
which had survived after the (3418 treatment were 
analyzed for a neu DNA sequence. In al1 the three cases, 
the presence of a neo DNA sequence was revealed by 
PCR (Fig. 2). 
Our experiments have thus shown the applicability of 
high-velocity microprojectiies to the introduction of 
foreign DNA into developing fish embryos. The 
reasonable survi\,al, the expression and the presence of 
the introduced genes during a rather long time of 
development indicate that the method can be used for 
the creation of transgenic fish. 
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